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(54) SurlacMcoustic^wrave device for flip-chip mounting 



(57) A SAW device Includes a piezoelectric sub- 
strate and a package body holding the piezoelectric sub- 
strate, wherein the package body includes a bottom part 
carrying the piezoelectric substrate in a face-down state 
and a side wall part laterally surrounding the piezoelec- 
tric substrate, the tx>ttom part carrying a wiring pattern 



for electrcal connection with an electrode pattem on the 
piezoelectric suk)strate, the wiring pattem including a 
first ground pattem and a second ground pattem in a 
mutually separated relatkx)ship, the first ground pattem 
and the second ground pattem being connected electri- 
cally with each other. 
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Description 

CRQSS4REFERENCE TO RELATED APPLICATION 

[0001] The present application is based on Japanese s 
priority application No.11-227429 filed on August 11, 
1 999, the entire contents of which are hereby incorpo- 
rated by reference. 

BACKGROUND OF THE INVEhJTION 10 

[0002] The present invention generally relates to sur- 
face<acoustic*wave devices and more particularly to a 
surface-acoustic-wave device for flip-chip nrK>unting. 
[0003] Surface-acousttc-wave devices hereinafter is 
designated as SAW devices are used extensively in var- 
ious electronic apparatuses having a high-frequency cir- 
cuit, including portable telephone sets, wireless tele- 
phone sets, and various radio sets. By using a surface- 
acoustic-wave device, it becomes possible to reduce 20 
the weight and size of these electronic apparatuses. 
[0004] On the other hand, the demand for size and 
weight reduction is still contffiuing in electronic appara- 
tuses and hence in the SAW devices used therein. In 
the case of SAW devices, the size reduction has to be 2S 
achieved so as to avoid deterioration of attenuation 
characteristic outside the pass-t>and. 
[0005] FIG.1 shows an equivalent circuit diagram of 
a SAW filter of a related art having a ladder-type con- 
struction, while FIG.2 shows the actual con^ruction of 30 
the SAW filter of FIG.1 In a cross-sectional view. 
[0006] Referring to FIG.1 , the ladder-type SAW fitter 
includes resonators 13 and 14 connected in series and 
interposed between an input terminal 1 1 and an output 
temninal 12. and there are provided parallel resonators 3S 
15. 16 and 17 respectively shunting a signal path be- 
tween the input terminal 1 1 and the SAW filter 1 3, a sig- 
nal path between the SAW filters 1 3 and 1 4, and a signal 
path between the SAW filter 14 and the output terminal 
1 2. to the ground. These resonators 1 3 -1 7 are formed 40 
on a common piezoelectric substrate 10 of a LilaOs or 
LiNbOs single crystal 

[0007] F1G.2 shows the piezoelectric substrate 10 in 
the state that the piezoelectric substrate 10 is mounted 
on a filter package 20. 4S 
[OOOq Referring to F1G.2. the filter package 20 in- 
cludes a bottom part 21 A covered by a conductor film 
21a and a skJe wall part 21 B, wherein the bottom part 
21 A and the skJe wall pari 21 B form together a depres- 
sion 21 C. Thus, the piezoelectric substrate 1 0 is accom- so 
modated in the ctepresston 21C in such a manner that 
the piezoelectric substrate 10 is mounted on the con- 
ductor film 21a covering the bottom part 21 A in a face- 
up state by way of an adhesive layer 21 b. Thus, an elec- 
trode pattern corresponding to the equivalent circuit di- ss 
agram of FIG.1 is formed on the top principal surface of 
the piezoelectric substrate 10. Further, wiring patterns 
21c and 21d are formed on the top surface of the skle 



wall part 21 B. and the electrode pattern on the substrate 
10 is connected to the wiring pattems 21c and 21 d via 
respective bonding wires 22A and 22B. 
[0009] It should be noted that the SAWdevk:e 20 61 
F1G.2 further includes a frame part 21 D on the top sur- 
face of the skto wall part 21 B so as to expose the wiring 
pattems 21c and 21 d, and a metal cap 23 is provided 
on the frame part 21 D. The metal cap 23 is connected 
to the ground pads 21 e and 21f provkied on the bottom 
surface of the bottom part 21 A via respective ground 
pattems 22e and 22f formed on the frame part 21 C. Fur- 
ther, the wiring pattems 21c and 21d on the side wall 
part 21 B are connected also electrk^lly to correspond- 
ing electrodes that are provkied on the bottom surface 
of the bottom part 21 A. 

[0010] In the fitter package 20 of FIG.2, the bonding 
wires 21 D and 21 E are used for electrical connectkxi 
between the SAW device on the piezoelectric substrate 
10 and the wiring patterns 21c and 2ld. In order to ac- 
commodate such bonding wires, theSAWdeviceof FIG. 
2 has used the frame part 21 C, while such a constructk>n 
inevitably increases the height of the SAW package 20 
and thus contradicts with the requirement of size reduc- 
tion of SAW devices. 

SUMMARY OF THE INVENTION 

[0011] Accordingly, it is a general object of the present 
invention to provkie a novel and useful SAW device 
wherein the foregoing problems are eliminated. 
[0012] Another and more specific object of the 
present inventkxi is to provkJe a SAW filter devbe hav- 
ing a compact size and simultaneously an excellent spu- 
rious suppressk)n performance outskle a pass-band. 
[D013] Another object of the present invention is to 
provkie a surface-acoustk^^wave devk:e, comprising: 

a piezoelectrk; substrate; 

an electrode pattern provided on a principal surface 
of sakJ piezoelectrk: substrate, said electrode pat- 
tem forming a ladder^ype surface-acoustb-wave 

filter; and 

a package body accommodating therein said pie- 
zoelectric substrate, 

saki package body comprising: a bottom part car- 
rying saki piezoelectrk: substrate in a face^iown 
state; and a side wall pari laterally surrounding saki 
piezoelectric substrate on said bottom part, 
saki bottom pari and said skie wall pari forming to- 
gether a depression accommodating therein said 
piezoelectric substrate, 

saki bottom part carrying a wiring pattern for elec- 
trical connection with saki electrode pattern, 
saki wiring pattern including a first ground pattern 
and a second ground pattern in a mutually separat- 
ed relatbnship on said bottom part, said first ground 
pattern and said second ground pattern being con- 
nected electrically with each other. 
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[0014] Another object of the present invention is to 
provide a surfeK:e-acoustic-wave device, comprising: 

a package body having a mounting surface; 
a piezoelectric substrate mounted on said mounting s 
surface in a face-down state; 
a first electrode pattern provided on a principal sur- 
face of said piezoelectric substrate facing said 
mounting surface in said face-down state of said pi- 
ezoelectric substrate, said first electrode pattern io 
forming a ladder-type fitter; and 
a secorxJ electrode pattern provided on said princi- 
pal surface of said piezoelectric sut>strate. said sec- 
ond electrode pattern forming a double-mode-type 
filter; is 
each of said first and second electrode patterns in- 
cluding a plurality of grourxJ electrodes formed on 
said principal surface, 

said mounting surface carrying a first ground pat- 
tem making a contact commonly with said plurality 20 
of ground electrodes of saki first electrode pattem, 
saki mounting surface further carrying a plurality of 
mutually separated second ground patterns each 
making an electrical contact with a corresponding 
one of sakJ plurality of ground electrodes of said 
second electrode pattern. 

[001 5] According to the present inventKvi, the space 
needed in the SAW device of the related art at the top 
part of the package body for accommodating the bond- 30 
ing wires is eliminated, and the size of the SAW devbe 
is reduced successfully. By forming the first ground pat- 
tern on the package body as a part of the electrode pat- 
tem of the ladder-type filter in such a manner that the 
first ground pattern makes a contact with the ground 3S 
electrcxJe of an input/output shuntirtg resonator, and by 
forming the second ground pattern on the package body 
so as to make a contact with the ground electrode of the 
intermediate shunting resonator shunting an intermedi- 
ate signal path of the ladder-type SAW filter, and further 40 
by connecting the first ground pattern and the second 
ground pattem electrcally, suppression of spurious 
components outskte a pass-band of the SAW filter is Im- 
proved substantially. The degree of suppresskxi of the 
spurious components is improved further by interposing ^ 
an Inductance between the first and second ground pat- 
terns and by optimizing the value of the inductance. 
[0016] By forming the ground electrodes in the form 
of stacking of a plurality of bumps, or by forming the wir- 
ing patterns on the rrKxinting surface in the form of so 
stacking of a plurality of conductor patterns, the problem 
of short circuit caused between the electrode pattem on 
the piezoelectric substrate and the ground pattem on 
the mounting surface is successfully eliminated. 
[0017] The present invention is applkable also to a 
SAW devk:e in which a plurality of electrode patterns 
including the ladder-type electrode pattem is formed on 
the principal surface of the ptezoelectric substrate. The 



SAW device includes the one in which an electrode pat- 
tem corresponding to a double-mode-type filter is pro- 
vided on the principal surface of the piezoelectric sub- 
strate in addition to the ladder-type electrode pattem. 
POIS] Other objects and further features of the 
present inventkxi will become apparent from the folbw- 
ing detailed description when read in conjunctbn with 
the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

FIG.1 is an equivalent circuit diagram of a typk:al 
ladder-type SAW devk:e; 

RG.2 is a cross-sectkxial diagram showing the con- 
structkxi of the ladder-type SAW device of FIG.1 ; 
FIG . 3 is a cross-^sectkxial diagram showing the con- 
structkxi of a SAW devk^e according to a first em- 
bodiment of the present inventk)n; 
FIG.4 is a plan view showing an electrode pattem 
of a ladder-type SAW filter formed on a piezoelectric 
substrate In the SAW device of FIG. 3; 
FIG.5 is a plan view showing a wiring pattem formed 
on a package body of the SAW device of F1G.3; 
FIG.6 is a diagram showing the frequency charac- 
teristic of the SAW devce of F1G.3 in comparison 
with the SAW device of FIG.2; 
FIG. 7 is a diagram showing the frequency charac- 
teristic of the SAW devbe of FIG.3 in comparison 
with another SAW device; 
FIG .8 is a cross-sectkxial diagram showing the con- 
structbn of a SAW device according to a second 
embodiment of the present inventkx); 
FIG.9 is a plan view showing a wiring pattem formed 
on a package body of the SAW devk^e of FIG.8; 
FIG. 10 is a diagram showing the frequency charac- 
teristic of the SAW filter of F1G.8; 
FIG. 11 is a cross-sectional diagram showing the 
constructk)n of a SAW devce according to a third 
embodiment of the present inventkxi; 
FIG. 12 is a cross-sectkxial diagram showing the 
constructkxi of a SAW device according to a fourth 
embodiment of the present inventkxi; 
FIG. 13 is a cross-sectkxial diagram showing the 
constructkxi of a SAW dev^e according to a fifth 
embodiment of the present inventkxi; 
FIG. 14 is a plan view showing an electrode pattem 
of a double-mode-type SAW filter formed on a pie- 
zoelectric substrate in the SAW devbe of FIG.1 3; 
and 

FIG.15 is a plan view showing a wiring pattem 
formed on a package body in correspondence to the 
electrode pattem of FIG.14 in the SAW devce of 
FIG.13. 
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DETAJLED DESCRIPTION OF THE INVENTION 
[FIRST EMBODIMENT] 

[0020] FIG.3 shows the construction of a SAW device 
40 according to a first embodiment of the present Inven- 
tion. 

[0021] Referring to FIG.3, the SAW device 40 in- 
cludes a fitter package body 41 and a piezoelectric sub- 
strate 30 mounted on the filter package 41 . The piezo- 
electric substrate 30 carries an electrode pattern of a 
ladder-type SAW filler corresponding to the equivalent 
circuit diagram of FIG.1 on a bottom principal surface 
30A thereof, and the piezoelectric substrate 30 is 
mounted on the filter package body 41 in a face^wn 
state. 

[0022] On the other hand, the filter package body 41 
includes a bottom part 41 A carrying a wiring pattem 41 a 
and further a side wall part 41 B formed on the bottom 
part 41 A, wherein the wiring pattem 41a includes a 
ground pattem and the bottom part 41 A and the skie 
wall part 41 B form together a depression 41 C in the 
package body 41 such that the depression 41 G accom- 
modates therein ttie piezoelectric substrate 30. There- 
by, the piezoelectric substrate 30 is flip-chip mounted 
on the wiring pattem 41 a on the bottom part 41 A by way 
of bump electrodes 31 . 

[0023] FIG.4 shows an example of the electrode pat- 
tem formed on the bottom surface 30A of the piezoelec- 
trk: substrate 30 in correspondence to the ladder-type 
SAW filter represented in the equivalent drcuit diagram 
of FIG.1. In FIG.4, those parts corresponding to the 
parts described previously are designated by the same 
reference numerals and the descrlptk)n thereof will be 
omitted. 

[0024] Referring to FIG.4, the electrode pattem in- 
cludes an input electrode pad 31a and an output elec- 
trode pad 31b respectively correspor>ding to the input 
temninal 11 and the output terminal 12, and there are 
provided interdigital electrode patterns 31c and 31 d re- 
spectively corresponding to the SAW rescxiators 1 3 and 
14 connected in series between the input electrode pad 
31 a and the output electrode pad 31 b. Further, the elec- 
trode pattem includes, in additkxi to the electrode pat- 
tems 31c and 31 d, a parallel interdigital electrode pat- 
tem 31 e shunting the signal path between the input elec- 
trode pad 31a and the interdigital electrode pattem 31c 
in correspondence to the SAW resonator 15, a parallel 
Interdigital electrode pattem 31 f shunting the signal path 
between the interdigital electrode pattems 31 c and 31 d, 
and a parallel interdigital electrode pattem 31 g shunting 
the signal path between the interdigi^ electrode pattem 
31 d and the output electrode pad 31b. Further, the fore- 
going princ^al surface 31 A carries thereon a ground 
pad 31 h connected to the interdigital electrode 31 e. a 
ground pad 311 connected to the interdigital electrode 
31f , a ground pad 31 j connected to the interdigital elec- 
trode pattem 31 g, and a dummy electrode pad 31 k. The 



ground pads 31 h - 31 j carries thereon grourxJ bump 
electrodes 31 H - 31J. respectively. Similarly, another 
dummy bump electrode 31 K is provkied on the dummy 
electrode pad 31k. 
s [0025] FiG.5 shows an example of the wiring pattem 
41a provkied on the txjttom part 41 A of the package 
body 41 in correspondence to the electrode pattem of 
FIG.4. 

[0026] Referring to FIG.5, the wiring pattem 41a in- 
fo dudes an input pad 42A contacting the input bump elec- 
trode 31 A when the piezoelectric substrate 30 Is fllp-chip 
mounted, an output pad 42B contacting the output bump 
electrode 31 B when the piezoelectrk: substrate 30 Is flip- 
chip mounted, a ground pad 42C contacting the ground 
bump electrodes 31 H and 31 j when the piezoelectrk: 
sut»strate 30 is flip-chip mounted, and a ground pad 42D 
contacting the ground bump electrode 31 1 and the dum- 
my bump electrode 31 K when the piezoelectrk: sub- 
strate 30 is flip-chip mounted, wherein the ground pad 
20 42C and the ground pad 420 are connected with each 
other by a corKiuctive pattem 42E. Further, a seal ring 
42F of a conductive pattem is provided on the bottom 
part 41 A so as to surround the pads 42A - 42E contin- 
uously. Further, the input pad 42A and the output pad 
2S 42B are formed on the bottom part 41 A in the regkxi 
between the ground pads 42C and 420. 
[0027] Referring back to FIG.3 again, the sde wall 
part 41 B surround the piezoelectric substrate 30 flip- 
chip mounted on the bottom part 41 A. Thus, the bottom 
30 part 41 A and the skte wall part 41 B form together a de- 
pressnn 410 accomnruxiating the piezoelectric sub- 
strate 30 in the package body 41 . Further, a conductive 
seal ring 41b is formed on the top surface of the side 
wall part 41 B such that the seal ring 41b is connected 
3S electrk:ally to the ground pad 41 e on the bottom surface 
of the bottom part 41 A via a ground pattem 41 d extend- 
ing through the skle wall part 41 B. 
[0028] Further, a conductive cap 43 typk:ally of a met- 
al is formed on the side wall part 41 B, and the cap 43 is 
40 connected electrically to the ground pad 41 e on the bot- 
tom surface of the bottom part 41 A via the conductive 
seal ring 41 b on the top surface of the skle wall part 41 B. 
[0029] As can be seen from FIG.3, the SAW devk:e 
40 of the present embodiment eliminates the space, 
4S which has been necessary for accommodating the 
bonding wires in the SAW device 20 of FIG.2, by flip- 
chip nwunting the piezoelectric substrate 30 on the bot- 
tom part 41 A of the package body 41. As a result, the 
overall height of the SAW devce 20 is reduced. 
so [0030] FIG.6 shows the frequency characteristk: of 
the SAW devce 40 of FIG.3 in comparison with the fre- 
quency characteristic of the SAW device 20 of FIG.2. In 
FIG.6, the frequency characteristic was measured in 
both cases in the state that the piezoelectric substrate 
5S is nrK>unted on the package body and the package body 
is sealed by the cap. In the drawing, the frequency char- 
acteristic of the SAW device 40 of FIG.3 is represented 
by a continuous line, while the frequency characteristk: 
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of the SAW device 20 of FIG.2 is represented by a bro- 
ken line. 

[0031] Referring to FIG.6, it can be seen that the SAW 
device 20. which uses the bonding wires, shows a slight- 
ly better off-band spurbus suppression (spurious sup- 
pression outside the pass-band) in the frequency range 
close to the pass-band, while the SAW device 40 of FIG. 
3 shows a much better off-band spurious suppression 
in the frequency range exceeding about 3.6 GHz. In 
view of the fact that there terxte to occur a problem of 
noise emission caused in a portable telephone set or 
radio set that uses a plural number of SAW devices due 
to the Interference between the SAW devices, and in 
view of the fact that such a noise emission is predomi- 
nant in the very high frequency range higher than about 
3.6 GHz, the SAW device 40 of the present embodiment 
is quite effective for suppressing the noise. 
[0032] FIG.7 shows the frequency characteristic of 
the SAW device 40 of FIG.3 in comparison with the case 
in which the conductor pattern 42E connecting the 
ground patterns 42C and 42D is eliminated. In FIG.7, 
the continuous line represents the case in which the 
ground pattems 42C and 42D are electrically connected 
with each other, while the broken line represents the 
case in which the ground pattems 42C and 42D are iso- 
lated. 

[0033] Referring to FIG.7, it can be seen that a slightly 
better off-t>and spurious suppression is obtained in the 
frequency range cbse to the pass-band frequency when 
the ground pattems 42C and 42D are isolated. In the 
frequency regk>n exceeding about 3.6 GHz. on the other 
hand, it can be seen from FIG.7 that the SAW device 40 
of FIG.3 provides a much better oft-band suppression 
as compares with the SAW device 20 of FIG.2. 
[0034] In view of the fact that there tends to occur a 
problem of noise emission caused in a portable tele- 
phone set or radio set that uses a plural number of SAW 
devices as a result of interference of the SAW devices, 
and in view of the fact that such a noise emission is pre- 
dominant in the very high frequency range higher than 
about 3.6 GHz, the SAW device 40 of the present em- 
bodiment is quite effective for suppressing the noise. 

[SECOND EMBODIMENT] 

[0035] FIG.8 shows the constnjctk>n of a SAW device 
50 according to a second embodiment of the present 
inventk)n, wherein those parts corresponding to the 
parts described previously are designated by the same 
reference numerals and the descnption thereof will be 
omitted. 

[0036] Refen-ing to FIG.8. the SAW device 50 of the 
present embodiment has a constructnn similar to that 
of the SAW device 40 except that the conductor pattern 
42E connecting the ground pattems 42C and 420 on 
the bottom part 41 A of the package body 41 is replaced 
with an inductance line. 

[0037] FIG.9 shows the SAW devce 50 of FIG.8 in 



plan view. 

[0038] Refem'ng to FIG.9, the inductance line 42G is 
formed of a zigzag conductor pattern extending on the 
bottom part 41 A. and the ground pattern 42C and the 

s ground pattem 42D are connected with each other via 
the inductance formed by the zigzag conductor pattem. 
[0039] FIG. 10 shows the frequency characteristic of 
the SAW device 50 for the case the inductance of the 
line 42 is changed variously. 

10 [0040] Referring to FIG. 1 0, it can be seen that the off- 
band spurious suppresskxi of the SAW device 50 
changes variously depending on the value of inductance 
of the line 42G and that the off-band spurious suppres- 
skxi Is improved in the frequency range close to the 

IS pass-band frequency of the SAW device 50 with in- 
creasing value of the inductance. In the case the induct- 
ance of the line 42G is set to zero, on the other hand, 
the off-band spurious suppressbn is improved in the fre- 
quency range exceeding about 4 GHz. 

20 [0041] Thus, it is possible to optimize the off-band 
spurkNJs suppressk)n in the SAW device 50 of the 
present embodiment, by optimizing the value of the in- 
ductance of the line 42G according to the need. 

2S [THIRD EMBODIMENT] 

[0042] FIG . 1 1 shows the construction of the SAW filter 
60 according to a third embodiment of the present in- 
vention, wherein those parts corresponding to the parts 
^ described previously are designated by the same refer- 
ence numerals and the descriptkxi thereof will be omit- 
ted. 

[0043] Refening to FIG.11 , the SAW device 60 of the 
present embodiment has a construction similar to that 

35 of the SAW devrce 40 of FIG.3. except that another con- 
ductive pad 44 is formed on a contact pad 42 formed on 
the bottom surface of the package body 41 . It should be 
noted that the contact pad 42 includes the contact pads 
42A - 42D described previously with reference to FIG. 5 

40 and that the conductive pad 44 is formed in correspond- 
ence to the region in which the bump electrodes 31 A. 
31 B and 31 H - 31 K on the piezoelectric substrate 30 
make a contact (designated in FIG.11 collectively by a 
reference numeral 31). See also FIG.4. In the illustrated 

4S example, the bump electrode 31 has a construction in 
which two bump electrodes are stacked. 
[0044] For example, the pads 42 and the conductive 
pads 44 may be formed by a conductive layer in which 
a Ni layer is sandwiched by a pair of Au layers. Altema- 

50 tivety, the pads 42 and the conductive pads 44 may be 
formed by a Cu layer. Further, each of the bump elec- 
trodes 31 may be formed of Au. 
[0045] In the SAW device 60 of FIG.11 , theseparatkxi 
between the principal surface 30A of the substrate 30 

ss and the bottom surface 41 A of the package body 41 is 
increased as a result of the fonmatkxi of the conductive 
pad 44 on the pad 42 or as a result of the multiple layer 
constructkxi of the bump electrode 31 . Thereby, the risk 
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of short circurt between the conductor pattern on the 
substrate 30 and the wiring pattern on the bottom sur- 
face 41 A is reduced. 

[FOURTH EMBODIMENT! s 

[0046] Fl G. 1 2 shows the construction of the SAW de- 
vice 70 according to a fourth embodiment of the present 
invention, wherein those parts corresponding to the 
parts described previously are designated by the same io 
reference numerals and the description thereof will be 
omitted. 

[0047] Referring to FIG.12. the bottom principal sur- 
face 30A of the piezoelectric substrate 30 is now divided 
into a region 30^ and a region 30^ and the electrode is 
pattem of the ladder-type filter described previously with 
reference to FIG.4 is formed on each of the foregoing 
regions. Further, a wiring pattem (41 aj^ con^esponding 
to the region 30^ and a wiring pattem (41 a)2 correspond- 
ing to the region 30^ are formed on the bottom surface 20 
41 A of the package body 41 with a mutually isolation. 
The ladder-type filter formed in the region 30, and the 
ladder-type filter formed in the region 30^ may have re- 
spective, mutually different off-band spurious suppres- 
sion characteristics. 2S 
[0048] It should be noted that each of the wiring pat- 
tems (41a)i and (41a)2 includes the contact pads 42A 
- 42D explained with reference to FIG.5 and the contact 
pads 42C and 42D are connected with each other elec- 
trically. 30 
[0049] Thus, according to construction of the SAW fil- 
ter 70 of the present embodiment, it is possible to form 
a plurality of filter elements having respective, different 
pass-band characteristics in a common package botiy. 
Thereby, by connecting the ground electrodes common- 3S 
ly in each of the regkxis 30, and SOg. it is posstole to 
improve the off-band spurious suppression substantially 
in the very high frequency range much higher than the 
pass-band frequency. By separating the ground elec- 
trode in each of the regions 30, and 3O2. it is possible 40 
to improve the isolation t>etween the filter elements. 

[FIFTH EMBODIMENTI 

[0050] FIG. 1 3 shows the construction of a SAW de- 45 
vice 80 according to a fifth embodiment of the present 
inventkyi, wherein those parts corresponding to the 
parts described previously are designated by the same 
reference numerals and the descriptkxi thereof will be 
omitted. so 
[0051] Referring to F1G.13. the bottom principal sur- 
face 30A of the piezoelectric substrate 30 is divkied into 
the regkms 30, ^xJaOg similariy to the SAW devk^ 70 
of FIG. 1 2, and the regkxi 30, is formed with the ladder- 
type electrode pattem explained with reference to FIG. ss 
4 similariy to the previous embodiment. In the present 
embodiment, on the other harxJ, an electrode pattem 
corresponding to a doubie-nKxie-type filter shown in 



RG.14 is formed on the region 3O2. 
[0052] Ret ening to Fl G. 1 4, an input electrode pad 31 1 
and an output electrode pad 31 m are formed on the re- 
gkxi 3O2 and an input interdigital electrode pair Tin is 
formed in electrical connectkxi with the Input electrode 
pad 31 1. Further, a pair of further input interdigital elec- 
trode pairs Sin are formed at both lateral sties of the 
interdigital electrode pair Tin on the propagatkxi path of 
the surface acoustk: wave excited by the interdigital 
electrode pair Tin. Further, a pair of reflectors Rin are 
disposed at further outer sides thereof. 
[0053] On the region 302, there is further provided an 
output-skie interdigital electrode pair Tout in electrical 
connectkxi with the output electrode pad 31m, and a 
pair of further output interdigital electrode pairs Sout are 
provkJed on the propagation path of the surface acoustk: 
wave at both lateral skies of the interdigital electrode 
pair Tout. The output interdigital electrode pairs Sout are 
driven by an output electric signal of the interdigital elec- 
trode pairs Sin, and the surface acoustk: wave thus ex- 
cited by the interdigital electrode pairs Sout drives the 
interdigital electrode pair Tout formed there tetween. 
The output of the interdigital electrode pair Tout is then 
supplied to the output electrode pad 31m. 
[0054] In the double-mode-type filter of the foregoing 
constructkxi, a ground electrode 31t is formed on the 
regkx) 31 e in conespondence to the interdigital elec- 
trode pair Tin and a ground electrode 31 n or 31 o is 
formed in correspondence to the interdigital electrode 
pair Sin. Further, a ground electrode 31s is formed in 
correspondence to the interdigital electrode pair Tout 
and a ground electrode 31 p or 31 q is formed in corre- 
spondence to the interdigital electrode pair Sout. Fur- 
ther, bump electrodes 31 L - 31 Q, 31 S and 31 T are 
formed on the corresponding electrodes 311 - 31q, 31s 
and 31t, respectively. 

PX>55] FIG. 1 5 shows the wiring pattem formed on the 
bottom part 41 A of the package body 41 in correspond- 
ence to the electrode pattem of the double^ode-type 
fitter of FIG. 14 formed on the piezoelectric sut3strate. 
[0056] Referring to FIG. 15, it can be seen that the part 
of the bottom part 41 A corresponding to the region 3O2 
of the piezoelectric substrate 30 carries an input pad 
42H for contact with the input bump electrode 31 L, an 
output pad 311 for contact with the output bump elec- 
trode 31 M. a first ground pad 42J for contact with the 
ground bump electrodes 31 N, 31 P and 31 S, and a sec- 
ond ground pad 42K for contact with the ground bump 
electrodes 31 0. 31 Q and 31 T and the pads 42H - 42K 
are surrounded by a seal ring 42L similar to the seal ring 
42F explained previously. 

[0057] In the wiring pattem for such a double-mode - 
type fitter, it should be noted that the first ground pad 
42J and the second ground pad 42K are formed in a 
mutually isolated state, and no pattem is formed on the 
bottom part 41 A for electrical connectkxi between the 
ground pads 42J and 42K. In correspondence to this, 
mutually isolated wiring pattems (41a)3 and (41a)4 are 
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formed h the part of the bottom part 41 A corresponding 
to the region 30^ in place of the wiring pattern (41a)^ of 

Rai2. 

[0058] Other aspects of the SAW device 30 of the 
present embodiment are similar to those descrit>ed pre- s 
viously and description thereof will be omitted. In the 
SAW device BO. too, it should be noted that the wiring 
pattern formed on the bottom part 41 A of the package 
body 41 is electrically separated Into a part correspond- 
ing to the ladder-type fitter and a part corresponding to io 
the double-mode-type filter Further, the interaction be- 
tween these two parts are positively eliminated by 
shielding the respective parts by the seal rings 42F and 
42L. 

[0059] In the SAW device 80 of the present embodi- is 
ment, it is possible to form a ladder-type filter and a dou- 
ble-mode-type filter Integrally in a single package body. 
[0060] Further, the present invention is not limited to 3. 
the embodknents described previously but various var- 
iations and modifications may be made without depart- 20 
ing from the scope of the invention. 

Claims 

25 

1 . A surface-acoustic-waYe devk:e, comprising: 

a piezoelectric substrate; 

an electrode pattem provided on a principal 4. 
surlace of said piezoelectric substrate, said 30 
electrode pattem forming a ladder-type sur- 
face-acoustic-wave fitter; 
and a package body accommodating therein 
said piezoelectric sut>strate. 5. 
said package body comprising: a bottom part 3S 
carrying said piezoelectric substrate in a face- 
down state; and a skle wall part laterally sur- 
rounding said piezoelectric substrate on saki 6. 
bottom part, said bottom part and said side wall 
part forming together a depression accommo- 40 
dating therein saki piezoelectric substrate, 
said bottom part carrying a wiring pattem for 
electrical connectksn with sakl electrode pat- 
tem, 

said wiring pattem including a first ground pat- 4S 
tern and a second ground pattem in a mutually 
separated relationship on said bottom part, said 
first ground pattem and said second ground 
pattem being connected electrksUly with each 7. 
other so 

2. A surface-acoustb filter devce as claimed in claim 

1 . wherein saki piezoelectric substrate carries, on a 
said principal suriace, an input electrode, an output 
electrode, at least a pair of serially connected res- ss 
onators connected between saki input and output 
electrodes in series, an input-skie parallel resonator 
shunting sakJ input electrode to a ground, an output- 9. 



skle parallel resonator shunting said output elec- 
trode to a ground, and an intermediate parallel res- 
onator shunting saki pair of serially connected res- 
onators commonly to a ground, an input side ground 
electrode groundkig saki input-skJe parallel resona- 
tor, an output-skie ground electrode grounding saki 
output-skie parallel electrode, and a plurality of 
electrodes including an intermediate ground elec- 
trode for grounding saki intermediate parallel elec- 
trode, said piezoelectric substrate being flip-chip 
mounted on saki bottom part such that said input- 
skie ground electrode and said output-side ground 
electrode make an engagement with saki first 
ground pattem and such that said intermediate 
ground electrode makes an engagement with said 
second ground pattem. 

A suriace-acoustic-wave device as claimed in claim 
1 or 2, wherein saki side wall part has an engaging 
surface adapted for engagement with a corxluctive 
cap member covering said depressk)n, saki engag- 
ing surface carrying thereon a conductive seal ring 
engaging with said conductive cap member when 
saki conductive cap member is mounted on said en- 
gaging surface so as to cover saki depresskyi. saki 
conductive seal ring being etectrcalty connected to 
saki first and second ground patterns. 

A surface-acoustb-wave fitter as claimed in any of 
claims 1 to 4, wherein saki first ground pattem and 
sakl second ground pattem are connected with 
each other electrk^ally via an inductance. 

A surface-acoustic-wave device as claimed in claim 
4. wherein said inductance is optimized for maxi- 
mum off-k>and spurious peak suppresskxi. 

A surface-acoustic-wave device as claimed in claim 
4 or 5. wherein saki side wall part has an engaging 
surface adapted for engagement with a conductive 
cap member covering said depresskxi, saki engag- 
ing surface carrying thereon a conductive seal ring 
engaging with said conductive cap member when 
saki conductive cap member Is mounted on said en- 
gaging surface so as to cover saki depresskxi. saki 
conductive seal ring being electrk:ally connected to 
one of saki first and second ground pattems. 

A surface-acoustc-wave device as claimed in any 
of claims 1 to 6, wherein saki wiring pattem includes 
a stackkig of a plurafity of conductive layers. 

A surface-acoustk:-wave device as claimed in any 
of claims 1 to 7, wherein each of said plurality of 
electrodes includes a stacking of a plurality of bump 
electrodes. 

A surface-acoustk:-wave device as claimed in any 
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of claims 1 to 8, wherein at least one of an Input 
electrode pattern and an output electrode pattern 
constituthg said wiring pattern is formed on a part 
of said bottom part t>etween said first ground pattern 
and said second ground pattern. s 

10. A surface-acoustic-wave device, comprising: 

a package body having a mounting surface; 
a piezoelectric substrate mounted on said io 
mounting surface In a face-down state; and 
a plurality of electrode patterns each forming a 
ladder-type surface-acoustic-wave filter pro- 
vided on a principal suriace of said piezoelec- 
tric substrate facing said mounting suriace in a is 
state in which said piezoelectric substrate is 
mounted on said rTX>unting suriace; 
each of said plurality of electrode patterns in- 
cluding a plurality of ground electrodes on said 
principal surface; 20 
said mounting surface carries thereon ground 
pattem for each of said plurality of electrode 
patterns, such that said ground pattem makes 
a contact, in each of said plurality of electrode 
patterns, commonly with said plurality of 2S 
ground electrodes. 

11. A surfface-acoustic-wave device as claimed in claim 
10, wherein sakJ ground pattems corresponding to 
said electrode pattems are electrically isolated on 30 
said mounting surface. 

12. A surface-acoustk:-wave device, comprising: 

a package body having a mounting surface; 3S 
a pt^oelectric sut)strate mounted on said 
mounting surface in a face-down state; 
a first electrode pattem provided on principal 
surface of saki piezoelectric substrate facing 
said mounting surface in said face<k>wn state 40 
of said piezoelectric substrate, saki first elec- 
trode pattem forming a ladder-type filter, and 
a secorxJ electrode pattem provkied on said 
principal surface of said piezoelectrk: sut>- 
strate, sakJ second electrode pattem fomning a ^ 
double-rrxxJe-type filter; 
each of said first and second electrode pattems 
including a plurality of ground electrodes 
formed on said principal surface, 
said rrxxjnting surface carrying a first ground so 
pattem making a contact commonly with saki 
plurality of ground electrodes of saki first elec- 
trode pattem, saki mounting surface further 
carrying a plurality of mutually separated sec- 
ond ground pattems each making an electrical ss 
contact with a corresponding one of saki plu- 
rality of ground electrodes of saki second elec- 
trode pattem. 
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